: Dielectric parameters (permittivity or ε and conductivity or σ) obtained by fitting DEP spectra to two-shell ellipsoidal model
(Web Enhanced Object) ROT2 Movie: Time resolved images of electro-rotation of HTCD indicating differences in rotation rate with frequency (at 75 frame per second, with the speed is adjusted to three times slower than real time speed for better visualization). Table S1 : Viability of C. difficile in altered buffer for up to 4 hours in microfluidic device.
Supplementary Figure S1:
Representative measurements of cell wall thickness from TEM images of HTCD and NTCD strains. Table S2 : Dielectric parameters (permittivity or ε and conductivity or σ) obtained by fitting DEP spectra to two-shell ellipsoidal model S5: Fitting DEP spectra to compute dielectric parameters S1 -Viability Measurement: C.difficile is an anaerobic microbe, which is poisoned by oxygen upon exposure to the atmosphere or dissolved oxygen in the fluid. The Colony-Forming Unit assay was performed on three different C.difficile strains: highly toxigenic (HTCD: VPI10463), non-toxigenic (NTCD: VPI11186) and a low toxigenic (LTCD: ATCC630) strain to check for microbial viability for various time periods after suspension in the altered buffer: 8.8% sucrose water adjusted to media conductivity of 5± 5% mS/m using BHI culture media. The DEP field was in the 3DEP-well device just before cells were removed for viability test. The results of Table S1 confirm that each strain can survive up to 3 hours under the aerobic conditions. It is noteworthy that just a few minutes are sufficient to centrifuge the microbials for their resuspension into the altered buffer for carrying out the DEP spectral measurement. Hence, we confirm no major loss of C.difficile viability during measurement. Table S1 : Colony-Forming Unit assay after suspension in altered buffer ("+" represents more than 10 Colony Forming Units). Figure S1 : Representative measurements of cell wall thickness from images of: (a) HTCD with an average of 33.2േ4.1 nm; and (b) NTCD with an average of 36.9േ4.3 nm. The thickness measurement for each cell is indicated at various points (approximately 1 point over every 30nm length). Note the out-of-focus regions are not analyzed in order to avoid any ambiguity in the measurements. Scale bar: 200 nm S3 -Image Analysis to obtain DEP spectra from 3DEP reader: In the 3DEP well system, the internal area of each circular well is divided into 10 concentric circles or bands, from the center to the edge of the well, for analysis of light intensity; with Band 1 being closest to the center and Band 10 being closest to the edge. Under the DEP field at a particular frequency for each well, the light intensity of each circular band in the well from the center to the edge is measured every 1 second, for a total of 30 seconds. Based on this, a 2D map of light intensity for different bands at different times is created by defining X-Axis as the radial distance from the center of the well and the Y-Axis as the time of measurement. This temporal map shows the light intensity at each band along the radius in the well from the center to the edge versus at each time point. Since the accumulation or depletion of particles causes a change in light intensity within different regions of the well, final light intensity at each point is normalized to the background (time = 0), where the field is not yet applied. In addition, since the electric field varies from the center to the edge, a weighting method for normalization of electric field is incorporated to correlate changes in light intensity at each of the different bands. As a result, the DEP force at each band can be compared to measure the relative DEP force at each frequency, at the designated DEP well.
S2 -Cell wall thickness measurement Supplementary

S4 -Electrorotational (ROT) measurements and representative images:
ROT measurements were conducted using a chip with planar hyperbolic-shaped gold electrodes arranged within a quadrapole pattern on cover slip glass with a fluidic cell. The electrodes were energized by a four-channel arbitrary waveform generator (TGA12104-Thurlby Thandar Instruments), programmed to apply 90 degree phase shifted signals to adjacent electrodes at 5 Vpp over the 50-500 kHz frequency spectrum. Since the spatial distribution of the field exhibits <20% variations in the central region of the device with hyperbolic electrodes ( Figure S2 ), we utilized rotational data only from cells that are within this uniform field region. This region extends over ~50% of the active area of the region between the electrodes, thereby enabling acquisition of reproducible rotational data in a parallelized manner from many cells. The electric field causes ellipsoidal particles to orient with their major axis parallel to electric field (x direction) and translate under a DEP force given by S1 , S2 , S3 :
Here, a is the major axis length, while b & c (with b=c) are the minor axis lengths. ‫ܭ‬ ௫,ଶ is the dipole coefficient (analogous to Clausius-Mossotti factor or ݂ ெ for spherical particles) that includes the membrane / wall (subscript 1 & 2) and cytoplasm / membrane (subscript 0 & 1) interfaces. This depends on the depolarizing factor ‫ܮ(‬ ௫ ) and dipole coefficient ‫ܭ(‬ ௫, ሻ of i-th layer and is defined as: Here, ߝ * is the complex permittivity: ߝ * ൌ ߝ െ ݆ߪ/߱; with ߝ as permittivity and ߪ as conductivity for the regions (subscript) of: the medium (3), cell wall (2), cell membrane (1) and cytoplasm (0). Also, for each i-th layer: γ i is volume ratio to total spheroid, ‫ܭ‬ ௫, is the dipole coefficients and ‫ܮ‬ ௫, is the depolarization factor S2 : ...Eq. 4
In Eq. 5, the depolarization factor of each i-th layer, depends on major axis length (a i ), minor axis length: (b i = c i ), eccentricity (e i ), and volume ratio (γ i ), each for the i th layer as given by:
Hence, the permittivity and conductivity of the cell wall, membrane and cytoplasmic regions are fit by solving Eq. 2, using established values for: ߝ ௪ , ߪ ௪ , ߝ , ߪ , ߝ ௬௧ ܽ݊݀ ߪ ௬௧ . The values of: ߝ ௗ௨ ܽ݊݀ ߪ ௗ௨ are set at: 80 and 5 mS/m, respectively. Geometrical information about cell axis and cell wall thickness were measured from TEM images. Membrane thickness, which is not resolved from the images, was computed based on literature S4 , S5 (details in Table S2 ). Using the fitted dielectric values and thickness (t) of cell wall and membrane, the cell envelope capacitance was computed as S6 : The fitted parameters are summarized in Table S2 . Table S2 : Dielectric parameters (permittivity or ε and conductivity or σ of the indicated regions) obtained by fitting DEP spectra to two-shell ellipsoidal model
